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ABSTRACT

This thesis describes the step by step approach to the design of a
gating system for the production of sound plate castings in permanent
molds.

Castings of different thicknesses were produced

gating systems

I

I

utilizing various

and examined radiographically to evaluate the effective-

ness of these gating systems in the production of sound castings.

A

gating system which allows metal to enter the mold cavity with no
turbulence and which establishes proper temperature gradients in the
casting will produce sound permanent mold castings.
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I.

INTRODUCTION

Production of castings by the permanent mold technique has been
known and practiced since 3 000 B.C.
weapons

ornaments

I

In ancient times

I

people cast

and tools in molds made from rocks.

I

Examples

include the production of axes by using engraved soft stone molds.
technology advanced

I

As

foundrymen were able to prepare dies made of

bronze and then of cast iron.

Since then

I

permanent mold casting

methods developed rapidly, while techniques for casting parts in permanent molds remained more an art than a science.

The gating and

risering systems employed were based mainly on past experience.

Very

little attention was given to a scientific approach to gating and risering.
The American Foundrymen• s Society has carried out extensive research
on gating and risering of sand castings
materials

I

such as x-ray radiography

I

other defects in castings with ease.

1

and better methods for testing

permit the study of shrinkage and
This motivated metallurgists in

permanent mold casting industries to use the scientific approach to
gating and risering as applied to permanent mold castings.

Principles

of hydraulics have been applied to metal flow in the system and heat
transfer in the mold has been studied.
Aluminum and its alloys are widely u sed in permanent mold casting.
Some of these castings are req ui red to give leak-free service under
pres sure.

Aluminum and its alloys are leakage prone; in order to produce

leak-free castings

I

an impregnation treatment has frequently been used

2

on castings.
Elimination of microporosity and the resulting need for impregnation
would appear desirable.

The purpose of this present work was to study

the effectiveness of various gating systems in producing sound castings
and to study the influence of some of the metallurgical variables on the
soundness of castings produced in permanent molds.
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II.

LITERATURE SURVEY

First, a review of the mechanism of pore formation will be presented.
Walther 1 studied pore formation in cylinders cast horizontally in
sand molds.

Solidification proceeds from the outer surface to the central

axis of the cylinder.
channel.

This results in progressive thinning of the liquid

When this channel becomes very small in diameter, a high

frictional resistance is encountered by liquid metal flowing from the
riser to the interior of the casting.

As the temperature of the liquid

metal drops, the volume of liquid metal also gradually decreases and, as
a result, a negative pressure is developed inside the liquid channel.
This negative pressure creates high tension in the liquid, resulting in
rupturing of the thin liquid channel and production of shrinkage cavities.
Alloys having long freezing ranges impart higher frictional resistance to
the flow of liquid metal in the narrow channel due to a more extensive
dendritic network which obstructs the feeding path.

Also, fluidity de-

creases as the metal temperature decreases, imparting a high frictional
resistance and greater pressure drops.

As a result, higher outside

pressures are required to drive the I iquid into narrow channels .

The

presence of gas in the metal increases the total volume of the voids
since the gas causes rupturing of the liquid film at even smaller pressure
drops in the channel.

The presence of gas also imparts back pressure;

as a result, higher outside pressure is required to drive metal from the
riser through the narrow interdendritic channels.

Through these

4

mechanisms, the presence of gas in the metal hinders the feeding
mechanism
Uram

2

thereby causing or accentuating microporosity.

I

found that pressure applied during solidification reduces the

amount of microporosity.

Moreover, high pressure prevents evolution of

gases during solidification, since the solubility of gas increases with
increases in pressure, although this effect is very small.

Metal pre-

viously degas sed can be improved by application of high pres sure during
solidification.
this.

The Acurad 3 process used in die casting accomplishes

In this process, a secondary plunger acts after the cavity is

completely filled and the solidification of the casting has started.
the high pressure applied by the secondary plunger

I

Under

liquid metal is forced

through the narrow interdendri tic channels and compensates for shrinkage
in the casting, thereby giving a porosity-free casting.
Campbe11 4 studied the origin of porosity in long freezing range alloys
and concluded that pores in the casting form by two mechanisms.
A.

Non-Nucleation:
Pores form due to the turbulent conditions during filling of the mold

cavity.

This results in mechanical entrapment of gas bubbles which

either grow or shrink in an attempt to satisfy the condition for mechanical
equilibrium,
P . -P
1

where

Pi

=

e

=2y
-r-

internal pressure,

r = radius of gas bubbles,

Pe = external pressure, and y

=

surface tension.

5

During the very early stages of solidification, while part of the casting
surface is still liquid
tities of gas.

I

certain mold materials may generate large quan-

\tVhen coupled with a low mold permeability, enough

pressure may be generated to force gas into the liquid metal, causing
blow holes in the casting.

At a slightly later stage of freezing

majority of the casting surface has solidified

1

1

the

but some liquid continues

to exist at isolated hot spots such as re-entrant angles.
in the center of the casting falls due to shrinkage

I

As the pressure

some of this liquid

may be sucked into the center of the casting to compensate for shrinkage
there.

This mechanism leads to surface pinholes which are connected to

one or more internal pores.

In long freezing range alloys this internal

porosity is widely distributed throughout the dendritic network and is
known as microporosity or interdendritic porosity.
this
B.

I

In order to prevent

a high positive pressure should be maintained inside the casting.

Nucleation:
At a later time during solidification

I

when the remaining liquid metal

at the center of the casting is more or less completely isolated from the
mold material by the surrounding solidified metal

I

pores can form only

by nucleation, and the following condition must be satisfied for the
nucleation of pores ,
p

g -+

p

s

= P*

where P s is the shrinkage pressure which produces tensile stresses during
solidification of those materials which contract on solidification, P g is
the gas pressure in the liquid, and P* is the pressure requ.ired for

6

nucleation.

As solidification proceeds

I

segregation causes gases to

concentrate in the last liquid to solidify.
in shrinkage pressure

I

This

I

along with an increase

sufficiently increases the total value of the left

side of the equation so that nucleation of pores takes place.

The high

value of P* required for nucleation makes it impossible for homogeneous
nucleation to occur; however
heterogeneous nucleation.

I

the presence of inclusions encourages

Application of high pressure during solidifi-

cation adds to the right side of the equation

i.e. it effectively increases

I

P* to make nucleation of pores more difficult; hence it prevents pore
formation in the casting .
As soon as metal is poured into the mold
formed

I

1

an outer skin of solid is

the thickness of which depends upon the rate at which heat is

being extracted from the casting.

The faster the rate of heat extraction

the thicker will be the skin of the casting.

I

A higher temperature gradient

between the casting and the mold will result in a higher rate of heat
extraction and a sound outer skin

I

while the liquid interior is still in

good hydrostatic communication with the feeder.

This means that the

internal pressure in the remaining liquid is kept at a reasonably high
positive value during the formation of the solid skin so that conditions
are not favorable for initiation of any kind of pores.
the solid skin has formed

I

Furthermore

I

after

even if the internal pressure then decreases

to a low (or negative) value due to shrinkage

I

the non-nucleation process

is now impossible because of the mechanical barrier isolating the liquid
from outside influences.

The formation of pores must now occur by

7

nucleation, vvhich is not usually as easy as by the various non-nucleation
processes.

However, when the temperature gradient between the casting

and the mold is small, the rate of heat extraction will be slow.
result

nucleation occurs throughout the casting

I

I

As a

resulting in a mushy

zone.
It has been shown that metal must enter the mold cavity with minimum
turbulence to prevent the mechanical entrapment of .gas and the formation
of pores by the non-nucleation process.

We should

1

then, design a mold-

filling method so there is no turbulent flow in the mold; for exampl e
the tilt-pouring technique described by Stahl 5 .

1

In Stahl's method

(Figure 1) metal is poured into the pouring basin while the mold is i n a
horizontal position

I

then the mold is rotated slowly to a vertical position.

In so doing, metal enters the gating system and the mold cavity very
slowly

I

change.

w ithout any turbulence, as there is a smaller potential energy
This prevents pore formation by the non-nucleation process.

Another approach is to design a gating system such that turbulencefree filling of the mold cavity is accomplished.
described in the AFS research report
Castings .. 6 .

1

••

Such a g ating syste m is

Gating and Feeding for Light Metal

The gating system consists of a tapered sprue, a sprue base

a horizontal runner and runner extension, an enlarged vertical gate

1

a

vertical side riser, and a continuous web ingate as shown in Figure 2.
The tapered sprue discharges the metal, free from gas aspiration

I

into

the sprue base, which reduces the flow velocity of the metal and also
aids in washing out entrapped air that comes in with the first metal

1

8

TILTING MECHANISM

FIGURE 1: Mold and operating equipment for an hydraulically operated
semi-automatic tilt-poured permanent mold machine.
1

1

9

.--vENT

SPRUE

.,

RUNNER EXTENSION
SPRUE BASE

GATE

FIGURE 2: Sketch of a recommended vertical gating system

10

poured.

After losing its kinetic energy in the sprue base

the horizontal runner and runner extension

I

I

metal enters

the latter acting as a trap

for the initial damaged metal and preventing it from entering the mold
cavity.

Metal then flows through the enlarged gate into the riser

1

from

which it flows laterally into the mold cavity via the continuous web
ingate.

This continuous web ingate prevents cascading of the metal as

it enters the mold cavity

I

while the enlarged gate connecting the runner

with the riser further reduces the kinetic energy of the metal.

Thus

1

this

gating system establishes a condition of turbulent-free filling of the
mold cavity by lowering the kinetic energy and preventing cascading of
the metal.

This

I

along with the establishment of a desirable temperature

gradient in the casting results in the production of sound castings.
As implied by Uram

2

and Campbell 4

I

the gas content of the liquid

metal should be as low as possible; thus effective degassing treatment
is important.

Porosity formed by originally dissolved gas can be easily

identified in the microstructure as more or less round pores

I

as seen in

Figure 3.
Degassing of aluminum using chlorine gas causes grain coarsening 7 ;
hence

I

molds.

a grain refinement treatment must be given before casting in sand
In metal molds

I

due to chilling

I

we get a fine grain structure so

there is no need for a grain refinement treatment.

A grain refining agent

is commonly contained in degassing tablets to ensure a fine grain
structure.

11

FIGURE 3: Microstructure of anAl- Cu- Si Alloy casting showing
porosity due to dissolved gas.
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III.

EXPERIMENTAL PROCEDURE

For experimental purposes it was decided to cast 10" x 3" plates
of different thicknesses of an Al-Si-Cu alloy in semi-permanent molds
consisting of two 85:5:5:5 bronze plates and sand cores made of a mixture
of silica sand and sodium silicate binders.
of the sand cores

I

By varying the thicknesses

castings of different thicknesses could be obtained.

Sand cores were used to approximate an infinite plate casting by eliminating edge effects

I

as well as to have flexibility in design of various

gating systems.
A.

Preparation of Mold.
Two 12" x 6" x 5/8" plates with two reinforcing ribs were cast using

85:5:5:5 brass.

Ribs were used to prevent distortion of the die during

production of castings.

The mold plate castings were cleaned by sand

blasting and shot blasting processes.

Before machining the plates

I

an

homogenization treatment was given by heating for 12 hours at 500°C
to prevent cracking of the die under thermal stresses caused by uneven
expansion of the plates.

Plates were then machined to get plane surfaces

with a good surface finish.

A plane surface is important to prevent

breaking of the cores due to buckling and also to prevent leakage of liquid
metal through the gap between the sand core and the mold surfaces.

In

order to have proper alignment between the two die plates and also to
prevent possible leakage

1

2" x 1/ 4" mild steel strips were fitted on three

sides of one of the die plates as shown in Figure 4.

The metal strips

13

MOLD PLATE

a

I

MILD STEEL STRIPS

FIGURE 4: a)

12 11 x 6" x 5/8" die plate made of 85:5:5:5 bronze

b) 12" x 6" x 5/8" die plate with steel strips fitted on
three sides

14

provide a larger chilling area and any streams of leaking metal quickly
solidify and prevent further leakage by blocking the gap.
B.

Preparation of Cores .
The sand mixture for cores was prepared by mixing pure silica sand

(AFS Fineness No. 60) and 5-6% sodium silicate solution (binder).

Cores

for the direct-poured castings (no gating system) were cut from 12 11 x
4 1/2" plate-shaped cores of the desired thickness into strips 12'' long
and 1 1/2'' wide.

The core strips were then positioned as shown in

Figure 5 to produce a mold cavity of 10 l /2 .. x 3 11 of the required thickness.
Cores for the castings containing complicated gating systems were
prepared by ramming the sand mixture into the recesses formed by positioning a number of wooden strips on a plain board as shown in F i gure 6
and scraping off the excess sand.
10-12 hours.

The core was allowed to air set for

Once the core hardened

1

the wooden strips were removed

leaving behind a sufficiently hardened core ready for use.
The wooden strips used for making the cores had a cross section of
3/4 11 x 1/2 ...

The reason for using strips of this size was that simple

manipulation of these strips could produce cores of 1/2 11

1

3/4 11 or 1 11

thickness.
C.

Selection of the Alloy.
Aluminum-Silicon alloys are widely used as casting alloys.

The

alloy chosen for the experimental program was Commercial 380 Al-Si
alloy of the following compos it ion:

I
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FIGURE 5: Sketch of the core positioned on the mold plate
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WOODEN BOARD ~

FIGURE 6: Arrangement for the production of a core
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Mg - 0. 09%
Cu

- 3. 69%

Fe

- 0. 89%

Zn

- 0. 83%

Si

- 9. 42%

Mn - 0. 30%
Ti

- 0. 05%

Ni

-0.01%

Cr

- 0.05%

Sn

- 0. 03%

Pb

- 0.01%

Because this alloy

I

whose composition is very near the eutectic compo-

sition, has a narrow freezing range
result

I

I

a more concentrated shrinkage will

which in turn helps in studying the shrinkage behavior of the

casting with different gating systems.

D.

Mold Preparation.
The core was positioned on the mold plate using a paste made of

French chalk powder and sodium silicate solution.
used to seal the gap

I

if any

I

This paste was also

between the core and the mold plates.

The

second plate was then positioned with the core sandwiched between the
mold plates.

The assembly was then secured by C clamps.

welding of the liquid metal to the mold plates
was applied to the surfaces.

I

To prevent

a coating of carbon soot

The assembly was then placed inside a gas

fired core oven for about two hours to heat to 400°F.

18

The die was removed from the oven just before pouring to maintain
the die temperature as near to 400°F as possible.
E.

Melting Procedure.
A gas fired crucible furnace was employed for melting the 20 pound

heats of alloy.

The amount of alloy melted each time was more than

necessary to pour the casting because it simplified the degassing
treatment.
Because aluminum and its alloys are highly oxidizable and have a high
affinity for hydrogen, the metal was melted in the shortest possible tim e ,
since the amount of oxidation and gas absorption depend on the length
of exposure of the liquid metal to the atmosphere at high temperatures.
As an additional precaution the surface of the liquid metal was covered
with flux, which not only prevented oxidation but also assisted in
prevention of gas absorption.
The metal was heated to a temperature about 1 00°F above the intended
pouring temperature.
Degasser 450.

Degassing was then carried out using FOSECO

Half the degassing tablet was plunged into the metal

using a steel plunger with numerous perforations.

After the degassing

treatment was completed, a temperature reading was taken using a
potentiometer and a chromel-alumel thermocouple.

When the metal reached

a temperature of about 50°F above the pouring temperature
brought from the oven and readied for pouring.

I

the mold was

When the temperature of

the metal reached the pouring temperature, flux and dross were skimmed
off and the metal was poured into the mold cavity, taking care to keep the

19

lip of the crucible as close to the mold as possible .
F.

Cleaning of the Casting.
Once the metal solidified in the mold, the casting was removed and

water quenched and adhered sand was removed using a wire brush.

Also

sharp edges and fins were removed from the casting by grinding.
G.

Radiography.
An x-ray radiograph was made on two overlapping 5 .. x 7'' films.

The casting was placed over the film holder at a target-to-film distance
of 36".

Using an exposure chart, a suitable exposure was selected and

the exposure was made.

The film was then developed using standard

practice, i.e. keeping the film in the developer for five minutes, .l 0
minutes in the fix, and 15 minutes in running water.
allowed to dry.

The film was then

For the purpose of identification, the same number was

given to the radiograph as that given to the respective casting.

All the

necessary information (exposure, operating voltage, pouring temperature,
etc.) was recorded.

These data are summarized in Appendix I.
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IV.

RESULTS

A summary of the castings poured is included in Appendix I.

The

pertinent observations are described below.
When direct pouring (top gating) is used

1

all castings show

irregularly distributed gas inclusions and shrinkage

I

as can be seen

from Figures 7 - 10.
Other conditions remaining the same

I

the extent of the sound region

extending from the bottom increases with increasing thickness of the
casting (Figures 11 and 12).
When a bottom gating system is employed

1

castings show many gas

inclusions and an irregular pattern of shrinkage cavities .

The qua1i ty

of the casting in this case was poorer than that produced by the direct
pouring method (compare Figure 16 with Figure 1 0) .
A gating system was used where the sprue acted both as a down
runner and as a riser to which the casting was connected by a continuous
side gate running along the length of the casting.

A casting of one inch

thickness gated in this fashion shows improved results.

Here the bottom

portion is reasonably sound with only a small amount of porosity in the
middle portions and concentrated shrinkage in the top region.

Variations

in the inga te size does effect the soundness of the casting but to a
small extent (Figure 12) .
The gating system described above was applied to castings of 3/4 ..
and 1/2 .. thickness.

The castings show shrinkage cavities concentrated

21

FIGURE 7: Radiograph of casting 7 (3/8" thick) poured at 1600°F by
direct pouring. Note the shrinkage and gas porosity
scattered throughout the casting.
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FIGURE 8: Radiograph of casting 8 (1/2" thick) poured at 1600°F
by direct pouring; the depth of the sound region is
about 1/2 inch.
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FIGURE 9: Radiograph of casting 9 (3/ 4 .. thick) poured at 1600°F
by direct pouring; shrinkage is concentrated near the
central axis .

24

FIGURE 10: Radiograph of casting 10 (1" thick) poured at 1600°F
by direct pouring. Shrinkage and gas porosity are
concentrated in central region.
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both in the top and in the bottom portions of castings, while the middle
portions were practically sound (see Figures 21 and 22).

This result

does not change when the ingate size is varied.
A gating system with a separate sprue and riser was employed with a
horizontal runner and a continuous ingate running along the side of the
casting.

The metal enters the tapered sprue, runs along the horizontal

runner (where the first metal entering is trapped) and then rises slowly
upward into the riser and through the side gate into the mold cavity.
With this gating system, a casting of 3/4" thickness having an ingate
3/8" thick showed improved results, but still exhibited shrinkage cavities
in the bottom region; however, the amount was very small as compared
to the casting produced above .
Another similar casting was made with an ingate of 1/2" thickness
which was very sound (see Figure 2 3) .
When the same gating system was used as with a separate sprue and
riser employed with a horizontal runner and continuous ingate running
along the side of the casting, for a thinner, 1/2" thick casting, the
casting showed shrinkage at the bottom and at the upper middle portions
(see Figure 24).
In almost all of the castings there is a ripple mark type surface
defect, which may be caused by an excessive coating of carbon soot
applied to the die surfaces to prevent wetting of the die by the liquid
metal.

The mechanism for the formation of this defect is not known.
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V.

A.

DISCUSSION

Effect of casting thickness on soundness.
The extent of the sound region in the direct poured castings

shown in Figures 7 - 10
ness.

I

I

as

increases with an increase in the casting thick-

In addition the shrinkage is less concentrated as massive cavities

but instead is distributed as microporosity (except at the very top of the
casting) as the section size increases.
The extent of the sound region is plotted versus the casting thickness
in Figure 11 for direct poured castings and Figure 12 for castings with the
sprue and riser combined.
tance

I

The depth of the sound region

I

or feeding dis-

is very small compared to that measured for most materials with

short freezing ranges.

For instance

I

the 1" thick casting has a sound

region of only 1 1/2" to 2 1/2" while an Al-7% Mg alloy
range of 130°F

1

I

with a freezing

has a feeding distance of 5" when cast in a sand mold.

8

Steel and copper-base alloys generally have even greater feeding
distances.

9

1
I

°

Certainly one reason for the shorter feeding distances

in this case is that no riser is used
measuring feeding distances.

I

as is normally the case when

Consequently part of the shrinkage may be

due to inadequate risering rather than inadequate feeding distance.
The reason for an increase in soundness with an increase in casting
thickness is that there is less bridging (which occurs as a result of
lateral solidification of the casting as opposed to the desired unidirectional
solidification starting from the bottom and proceeding towards the top).
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FIGURE ll:

Depth of sound region extending from the bottom
of the casting (feeding distance) versus casting
thickness for direct pouring and bottom gating.
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FIGURE 12:

Depth of sound region extending from the bottom of
the casting (feeding distance) versus casting thickness
for castings with a sprue and riser combined. The
effect of ingate thickness is also shown. Pouring
temperature was 1300°F.
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This bridging obstructs the feeding path in the casting through which
liquid metal from the still incompletely solidified top moves to the
almost completely solidified bottom.

As a result discontinuous pockets

of shrinkage cavities occur along the center of the castings.

It should

be easy to feed the casting by the liquid feeding mechanism described b y
Campbell 4 .

Here

I

due to the high chilling power of the metal mold, a

thick outer skin forms on the solidifying casting while the liquid metal
present in the central region of the bottom of the casting still remains in
hydrostatic communication with the hotter liquid metal in the top region
of the casting.
Another reason for the poor feeding distance in this case may be the
turbulent conditions while filling the mold.

In conjunction with no riser

I

unfavorable temperature gradients may be established inside the casting;
hence the extent of the sound region may be very small.
The degree of unsoundness is enhanced by gas inclusions in the
casting

1

although the amount of gas decreases with an increase in se c tion

thickness of the casting.

This may be because enough time is available

for gas bubbles to rise to the surface .

The rna in reason for the gas

inclusions is the turbulent condition which exists during the filling of the
mold cavity.

A tilt pouring method as described by Stahl

5

will eliminate

problems of turbulence and produce a casting free from gas inclusions.

B.

Effect of the gating system on the sou n d ness of the castings.
Three types of gating systems were studied in addition to the top
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gated or direct poured castings.
Bottom gate

(Figure 13)

Gating system where the sprue acts both as a
down runner and also as a riser

(Figure 14)

Gating system where a separate sprue and riser
were provided
1.

Bottom Gate.

(Figure 15)

This gating system does not produce good castings;

the castings are full of gas inclusions and irregular shrinkage areas

1

indicate the turbulent condition associated with this gating system.

which
The

turbulence is mainly due to the jet effect of the metal stream occuring in
the mold cavity

I

causing mechanical entrapment of gas.

in an unpredictable temperature gradient in the casting

1

It a lso res u lts
causing irre gular

shrinkage areas as shown in Figure 16.
2.

Gating system where the sprue acts both as a down runner and

also as a riser.

A one square inch sprue

I

along with a horizontal runne r

and continuous side ingate connecting the casting with the riser
used

I

as shown in Figure 18.

was one inch thick.

I

was

The first casting produced by this method

The casting shows much improved results compared

to the previous gating systems; shrinkage cavities were concentrated in
the top region of the casting while bottom and middle regions of the
castings were practically sound.
Under this system of gating two variations were studied.
a.

Effect of pouring temperature.

It was found that the

soundness of the casting increases as the pouring temperature decreases

I
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FIGURE 13: A sketch of the bottom gating system, where metal
enters the mold cavity from the bottom of the casting.

FIGURE 14: A sketch of the gating system in which the sprue and
riser are combined and c onnected to the casting by
a thin web inga te .
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SPRUE

_.

I

\__

RUNNER EXTENSION

RUNNER

FIGURE 15: A sketch of the gating system in which the sprue and
riser are separate. The riser is connected to the
casting by a thin web ingate.
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FIGURE 16: Radiograph of casting 14 (1" thick) poured at 1600°F
by bottom gating
Note the large number of gas and
shrinkage cavities scattered throughout the casting
o

o
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FIGURE 17: Radiograph of casting 16 (1" thick) poured at 1600°F
using the gating system shown in Figure 14. Shrinkage
is concentrated in the central region of the casting.
Web ingate is 1/4" thick.
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other conditions remaining the same, because the temperature gradient
between the solidifying casting and the wall of the die is at a minimum.
As a result, there is minimum lateral solidification and less bridging.
Also there will be a minimum amount of shrinkage associated with low
pouring temperatures

(compare Figure 17 and Figure 18) .

Another advantage in choosing a low pouring temperature is the
decrease in total dissolved gas, as the solubility of hydrogen in aluminum
decreases with decreasing metal temperature.
b.

Effect of ingate size.

In a one inch thick casting poured

at 1300°F, the effect of variation in ingate size does not have a noticeable effect on shrinkage distribution in the casting, but it does affe c t the
amount of gas inclusions.
occur.

The thinner the ingate, the fewer gas inclusions

This can be seen in Figure 20, which is the radiograph of a

casting that has a 1/8" ingate while the castings shown in Figures 18 and
19 have ingate sizes of 1/4" and 1/2" respectively.

In the case of thicker

ingates, the metal stream tends to enter the mold cavity directly and, as
a result, turbulence produces gas inclusions (in this case, conditions
become similar to those in direct pouring) .
For the castings poured at 1300°F, both ingate size and c asting
thickness affect the degree of soundness of the castings
In going from a 1

11

(Figure 12) .

thick casting to 3/4" and 1/2" thick castin g s, irregular

shrinkage cavities were ob served (Figures 20, 21, 22).

This may be

caused by excessive flow of metal occuring from the bottom section of
the casting, causing hot spots to develop in this region, and therefore
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FIGURE 18: Radiograph of casting 24 (1" thick) poured at 1300°F
using the gating system shown in Figure 14, but with
no runner. Note the improved soundness of the casting
with some gas inclusions due to turbulent filling of
the mold. Web ingate is 1/4" thick.
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FIGURE 19: Radiograph of casting 25 (1 11 thick) poured at 1300°F
using the gating system shown in Figure 14, but with
no runner. Note the increase in inclusions due to more
turbulent filling of the mold when a 1/2" thick web ingate was used.
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FIGURE 20: Radiograph of casting 26 (1" thick) poured at 13Q0°F
using the gating system shown in Figure 14 with a
1/8" thick web gate. Note the soundness of the
casting extending to the top region. Thinner ingates
eliminate turbulent filling and scattered gas inclusions
and shrinkage cavities.
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FIGURE 21: Radiograph of casting 28 (3/4 11 thick) poured at 1300°F
using the gating system shown in Figure 14, with a 3/8"
web thickness. Note shrinkage cavities in the bottom
region due to turbulence.
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FIGURE 22: Radiograph of casting 32 (1/2" thick) poured at 13QQ 0 p
using the gating system shown in Figure 14. Note
pronounced shrinkage cavities in the bottom region
due to excessive flow and turbulence in this region.
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producing concentrated shrinkage in both the top and bottom portions of
the casting.

The middle portion of the casting remains reasonably sound.

This gating system does not appear to be useful in producing sound
castings of 3/4 11 and 1/2 11 thickness.
3.

Gating system in which the sprue and riser were separate.

In

this gating system the metal flows down the sprue, fills the horizontal
runner and then enters the riser from the bottom and fills the casting
cavity with minimum turbulence.

This system gives very good results

(see Figure 2 3) because it meets the requirements for production of a
sound casting: i.e. it fills the mold cavity with minimum turbulence and,
since all the metal entering the casting cavity flows through the riser,
the riser remains the hottest.

The hot riser feeds the casting properly

because a positive temperature gradient is established.

In this gating

system, the ingate size plays an important role; a thick ingate is necessary
to prevent turbulent cascading of metal entering the mold cavity due to
differences in the level of metal in the riser and the mold cavity.
Because of limitations imposed by the dimensions of the existing
die, it was not possible to make castings of thicknesses less than 3/4 11
A smaller riser size does not prevent the turbulence which causes irregular shrinkage distributions in the castings such as that shown in Figure
24.

In practice, by designing the die such that it can accommodate a

riser of greater dimensions and sprue base, the above defect can be
eliminated.

As the casting thickness is decreased, the tendency for

j etstream flow increases.

•
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FIGURE 23: Radiograph of casting 34 (3/4" thick) poured at l300°F
using the gating system shown in Figure 15. The
casting is completely sound to the top surface. Web
gate is 1/2" thick.
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FIGURE 24: Radiograph of casting 34L (1/2" thick) poured at 1300°F
using the gating system shown in Figure 15. Note the
shrinkage cavity in the bottom region and also in the
upper middle region due to jetting of the metal stream
in the mold cavity. Web gate is 1/4 11 thick.
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In general, a gating system which allows metal to flow without any
turbulence and establishes a positive temperature gradient in the casting
for directional solidification gives a sound casting.

Direct pouring

results in turbulent condition when filling the mold and hence does not
give a sound casting.

The bottom gating system, which causes turbulence

and unfavorable temperature gradient in the casting, gives totally unsound
castings.

For the gating system in which the sprue and riser are com-

bined, the ingate size is important; a thicker ingate causes turbulent mold
filling conditions, hence unsound castings.

For the gating system where

the sprue and riser are separate, greater dimensions in the gating system
and riser reduces the flow velocity and eliminates turbulence and
establishes proper temperature gradient in the castings, resulting in the
production of sound castings.
again important.

In this gating system the ingate size is

Thick ingates are necessary to prevent cascading of the

metal and resulting unsoundness.
The following suggestions could be helpful in producing a sound
casting if they can be applied to the specific casting desired.
4
The provision of a 2° taper on the casting as suggested by Campbell ,
see Figure 25.

Other conditions remaining the same, the first region of

the casting to solidify is the one having the smaller section thickness.
In a tapered casting, progressive solidification is established, which
facilitates the feeding process.

Campbell states that the soundness of

the casting is not significantly increased by steeper tapers.
The use of tapered die sections as shown in Figure 26 can give the
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FIGURE 25: Plate casting having a 2° taper along the vertical faces.

DIE

SECTION

FIGURE 26: Permanent mold having a tapered vertical section.
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same effects as that given by a tapered casting.
can be absorbed by any region of the die

1

at a given temperature

creases with an increase in the mass of the die
surface area

1

The amount of heat that

1

which

1

for a given

increases with increased thickness of the die.

section of the die should
required to solidify first

I

of course

I

in-

1

The thicker

be at the location of the casting

as shown in Figure 2 6.

I

To keep a riser in the liquid state for a sufficient time

I

an insulating

coating could be applied to both the inside and outside surfaces of the
die surrounding the riser

I

as indicated in Figure 26.

Progressive solidification of the casting may be obtained by
gradually varying the radiating and conducting surface area of the die
as shown in Figure 27

I

I

instead of varying the thickness of the die.

The ingate could be located at the section of the casting having the
minimum surface area

1

so that the surface area of the casting increases

with increasing distance from the gate
technique

1

proposed by Draper 1 1

I

I

as shown in Figure 28.

This

creates better heat balance within the

die because hotter metal impinges on surfaces of lesser area
metal which travels farther strikes broader areas.
near the gate and far from the gate is more uniform

I

while

Heat input to the mold
I

while the proper

temperature gradient is established in the casting.
Die temperature is also important

I

as a low temperature results in

cold shuts in the casting due to severe initial chilling.
larly true for thin walled castings.

This is particu-

If the die temperature is low

I

a high

temperature gradient is established between the poured metal and the die.
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FIGURE 27: Permanent mold having varying surface areas.

RISER

SPRUE

SPRUE BASE

...

~INGATE

FIGURE 28: A sketch of the location of the ingate with respect
to the casting geometry.
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The high rate of cooling in the initial stage of solidification results in a
greater amount of contraction due to the formation of a thick outer skin on
the casting.

As a result, intimate contact between the mold wall and t he

casting surface is lost.

This increases the total solidification time of

the casting by decreasing the rate of heat extraction during the latter
stages of the solidification process.
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VI.

CONCLUSIONS

Within the dimensional limits investigated

1

the extent of the sound

region in the casting increases with an increase in the thickness of the
casting.
Castings produced using bottom gates are unsound as a result of
both turbulence and an inverse temperature gradient established in the
casting.
Gating systems in which the sprue acts both as a down runner and
as a riser give satisfactory results when one inch thick castings are
produced

I

but do not give sound castings when thinner castings are

produced.
Gating systems where separate sprue and riser are employed produce
sound castings of 3/ 4" thickness when an inga te of 1/2 11 thickness is
employed.

Smaller ingate sizes do not give sound castings.

A gating system as described in the paragraph above does not give a
sound 1/2" thick casting

I

because of turbulence caused by the jet effect

o f the liquid metal entering the mold cavity and because the feeding
distance of 1/2" thick plates is smaller than for 3/4 11 castings.
Limitation on the construction of the mold did not permit riser
dimensions greater than the castin g t hickness.

A mold design which

would allow greater dimensions of the riser and sprue base should give
sound castings for thicknesses less than 3/4".
The most important principles in gating castings produced in
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permanent molds is that metal should enter the mold cavity with a
minimum of turbulence and a proper temperature gradient should be
established to allow directional solidification of the casting.
Castings should be poured at a minimum temperature to produce the
minimum total shrinkage

I

the minimum absorbed gas and the lowest cost

of melting.
In gating systems where the sprue acts both as a down runner and
as a riser

1

the ingate size should be kept to a minimum in order to

prevent metal entering the casting cavity directly.
In gating systems where a separate sprue and riser are used

1

the

in gate size should be large enough to keep about the same liquid metal
level in the riser and in the mold cavity during filling.

Turbulent cas-

cading of metal from the riser to the mold cavity results from too small
an ingate.
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APPENDIX I. SUMMARY OF CASTINGS POURED
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REMARKS

0
Shrinkage porosity and gas inclusions
scattered throughout the castings.
Casting No. 41 poured at a low temperature 1
also has cold shuts. There is practically
no sound region in these castings.

Castings still show scattered shrinkage
and gas porosity although the porosity
is more concentrated in the center as the
thickness increases. This also is
accompanied by a large sound region.
I
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26
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27

1600
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1

SRC

1/2

3 1/2

Shrinkage and gas porosity scattered
throughout castings.

Shrinkage concentrated in central portion of
castings. Overall soundness improved and
gas porosity less than in the bottom poured
castings.

Lower pouring temperature reduces total
shrinkage and concentrates shrinkage in
top and center of casting. Gas porosity
is reduced as ingate size decreases.

Large depth of sound region is due to a
change in the QOuring Qractice .
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2
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1
Some shrinkage occurs in the bottom
portion of these castings due to turbulent
filling of mold . Amount of shrinkage
increases with smaller sections.

A sound casting is produced when ingate
of 1/2 thickness was used. This gating
system gives very good results.
11

D.P.
B. G.
SRC
SSR

=
=
=
=

Shrinkage is concentrated in the bottom
portion of the casting near the ingate.
Also there is some shrinkage cavities in
the upper middle portion of the casting,
mainly because of jet effect and excessive
flow of the metal through these areas.
This can be minimized by employing greater
size of the gating systems and riser.

direct pouring (top gating)
bottom gating
sprue and riser combined
separate sprue and riser

U1
U1

